
OOT* WORLD WTELLECtUAL PROPBRTf OROANBATION 

^ ^ Internatkxial Bintao 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Intmiatloaal 
A61B 17/36 



Al 



ai) 

(43) 



Poblfestlon Niiiubcr. 

Date: 



WO 9807879 

2 July 1998(02^.98) 



(21) iDternatioiial AppllaitloQ Nombcr: PCmJS97/238S3 
(Z2) International FtSng Date: 19 December 1997 (19.12^ 



(30) Priority Data: 
08^770241 



20 December 1996 (20.IZ96) US 



(71) ApplkaoU ELECmOSCOPB, INC. (USAJS); 4828 Sterling 

Drive, Boukter. CO 80301 (US). 

(72) Inventors: ODELL, Roger, C; 573 West Sagebnish Court, 
Louisvaic, CO B0027 (USX TUTETT. Joe, W4 757 
Winfidd CSicle, San Antonio. TX 78239 (US). lORWAN, 
Lawrence. T., Jr^ 30 MIn Mesa Drire. Penbioke. MA 
02359 (US). 

(74) Agents: YOUNG. James, R. el al4 Chrianan, Bynum & 
Johnson* P.C.. 1900 FrftoenA Street, BonMer, OO 80302 
(US). 



(81) DcsigDated Slates: AU, CA, JP» European patent (AT, BE, 
CH, DE, DK. BS. FI, FR, GB, GR, IE. IT, LU, MC, NU 
FT, SB). 



PobUsbed 

Wiift intemational search rtporu 



(54) Titie: BIPOLAR COAGULATKW APPARATUS AND METHOD FOR ARTHROSCOPY 
(57)Ab8traet 

A bipolar blood coagutator 
probe (10) has a coaxid cr other 
bipolar anangement for use 
sobmerged in a sterile flnid (28) 
during aithnscopy of Jouns, with 
an elongated outer etectrode (20) 
positioned tn juxtaposition to an 
elongated inner electrode (30) and 
wiih an clonpded electrical inner 
tnsulalion (40) positioned 

bet wee n the outer etecbode (20) 
and the inner etectrode (30]L 
The outer electrode (20), inner 
electrode (30), and inner insulation 
(40) can be concentric to csch 
other or In other eoofigniadoos, 
including sandwiched or laminated 
together. The bipolar probe 
(10) also has an elongated outer 
electrical insulation sleeve (42) 
over the outer electrode (20) and a 
proximal end outer housing tenninating in a plug witti two prongs that are electrically comwJrd in the housing lo the outer dectrode (20) 
and inner electrode (30). Tlie prongs of a»|rtng are adapted to phig into a suitable leoepiade for connection to an llie 
distal ends of the outer electrode (20X inner insulation layer (40X and inner electrode (30) of the b^lar probe (10) extend longinidin^y 
a distance beyond the distal end of the ouier bwifattloo sleeve (43) to leave a length of exposed suzface (22) of the outer electrode (20). 
Positioning the surface (22) of the exposed poitlon of the outer electrode (20) hi contact widi dte dssue (16) near a bleeding blood vessel 
(12) widi die inner electrode (30) a distance spaced away fnan die tissue (16) fai the sterile fiuid (28) vid ai^lyhig RF power icsolts fa) 
initial coagulation of Uood and desiatniing of a small amount of suiTOundmg tiuoe, which Is a self-lfai^dng process diat prevents excessWe 
necrosis. The probe (10) can also be used wtti some or all of the distal ends of both of die dedrodes or just one of the electrodes to 
contact widi dssue diat b s U bm eised In the sterfle fluid and is to be necrosed or widi Uood that is to be co n gnh l ed durfaig aithroscopj. 
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BIPOLAR COAGULATION APPARATUS AND METHOD FOR ARTHROSCOPY 

Description 

Technical FieM 

This invention relates to electrosurgical devices and more specifically to bipolar blood 
coagulation apparatus and method for arthroscopy. 
Bacfcgrnnnd Art 

Arthroscopic surgery is used to treat: (i) torn menisci, anterior cruciate, posterior cruciate, 
pateUa malalignment, synovial diseases, loose bodies, osteal defects, osteophytes, and damaged articular 
cartilage (chondromalacia) of the knee; (ii) synovial disorders, labial tears, loose bodies, rotator cuff 
tears, anterior impingement and degenerative joint disease of the acromioclavicular joint and diseas^ed 
articiilar cartilage of the shoulder joint; (iii) synovial disorders, loose bodies, osteophytes, and diseased 
articular cartilage of the elbow join^ (iv) synovial disorder, loose bodies, ligament tears and diseased 
articular cartilage of the wrist; (v) synovial disorders, loose bodies, labrum tears and diseased articular 
cartilage in the hip; and (vi) synovial disorders, loose bodies, osteophytes, fractures, and diseased 
articular cartilage in the ankle. When performing an arthroscopy of the shoulder, elbow, wrist hip, knee, 
or ankle involving connective tissue using a rotary shaver, the laceration of blood vessels, such as veins 
and venuals, arterials and arteries, and capillaries, produces bleeding. Very minor bleeding can be 
tolerated if the sterile fluid used in arthroscopy flushes the blood away and maintains visibility in the 
joint However, if a damaged blood vessel bleeds enough to impair the surgeon's vision In the joint, the 
bleeding has to be stopped quickly and eflictently to avoid delays or possibly even having to abort the 
arthroscopic procedure. While it is not desirable, bleeding can be controlled in a knee joint by applying a 
tourniquet to the thigh above the knee. However, no tonraiquet is possible to stop bleeding in the 
shoukler, and some surgeons would prefer not to use tourniquets in arthroscopy of other joints, such as 
elbows, wrists, hips, knees, and ankles, if bleeding can be controlled in other ways. Also* excessive 
bleeding can cause the surgeon to have to provide a temporary drain in the joint for post surgery draining 
of excessive blood accumulation in the joint 

The most common method of controlling bleeding blood vessels, '^bleeders,'* in arthroscopic 
procedures in Moulders and in other joints when tourniquets are not possible or desirable is to use a 
monopolar electrosurgical probe to coagulate or cauterize the bleeding blood vessel. A typical 
monopolar electrosurgical device utilizes a monopolar probe for one electric pole and a large area plate in 
contact with the patent's skin at a location remote from the arthroscopic surgery, such as the patient's 
back, for the other electric pole. Both the probe and the plate are connected electrically to a radio 
frequency (RF) generator. When the tip of the monopolar prolw is positioned adjacent or touching the 
connective tissue and the RF electrical power is turned on, the person's body completes the electric 
circuit between tiie monopolar probe and the targe area plate, and electric current flows through the 
patient's body between the monopolar probe and the pfaite. When enough current and voltage is applied. 
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the tissue where the cuirent is flowmg will get hot ami resuh in hemostasis (stopping the flow of blood) 
and neciosis (pathologic death of celU) of the sunounding tissue. Since the plate is in contact with a 
miich laigerstrface area of the body tlm the iiionopolarpmbc. the density or concCT^^^ of the 
eleclric cunem flowing thpoagb the body tissue is greater at the pnAe than at the plate. TTietefore, the 
tissue adjacent the monopolar probe becomes hotter than the tissue adjacent the plate, and the heat 
produced where the monopolar probe contacts the tissue where the bleeding occurs causes coagulation 
resulting in hemostasis (stemming flow of blood). In addition, normal tissue adjacent the prob^ cont«a 
point becomes demttured and damaged by the heat produced by electric current flowing through the 
tissueneartheprobeduringthiscoagulationmethod. "n^efore, when the monopolar piobe is positioned 
on the tissue surrounding the bleeder, or on tf>e bleeding Mood vessel itself, the RF current will cause 
denaturing and neciosis at the target she as well as of the stmounding tissue. Since the electric current 
flows through the body tissue between the monopolar probe and the remotely located plate, the depth and 
volume of necrosis is indefinite and difficult to control, but can easily extend, for example, to over one 
centimeter wide and over one-half centimeter deep in a typical operation to stop a bleeder, but it will 
continue to extend even deeper as long as the monopohir probe is held in contact with the tissue while the 
power is turned on. WhUe such monopotor coagulation is effective to stop the bleeding, it also denatures 
a considerable amount of sunounding tissue, thus necrosing more of the noimal sunounding connective 
tissue in the joint than is strictly needed or desired. 

The bipolar coagulator disclosed in U.S. Patem No. 5.089.002. issued in 1992 to Lawieoce T. 
Kirwan. Jr. one of the co-inventors of this invention, and which is incoiporated herein by reference, is a 
bipolar device that was designed for desiccating several microscopic layers of eye tissue, including tiny 
blood vessels, on the eye before eye suigeiy in order to reduce bleeding encomiten during eye suigeiy. 
The resutt is that the tiny blood vessels near the eye surfitte. where the suigieal mcisions are to be made 
during eye surgery, are necrosed ~ virtually obliterated or erased ~ before any incisions are made. A 
bipolar coagulator similar to that shown and described m U.S. Patent No. 5.089,002, but with an 
electrical insulation coating around substantially the emire length of the outer conductor or electrode, was 
also developed by Uwrence T. Kirwan. Jr, for very fine hemotosis in neural endoscopy applications 
where the insulation coating pnvents outer electrode contact vrith sunoundfaig tissue. However, both of 
those bipolar coagulators developed by Kirwan are designed for die specific eye surgery and newal 
endoscopy necrosing applications described above, which a>e not in fluid-filled emriionments and which 
are not efiective for coagulating bleeders encomiteied in the arthroscopy procedures described above. 
Pisdesure nf Inwntinr, 

Accordingly, it is a general object of die present invention to provide an electrosurgical probe 
that is effective for coagulating bleeding blood vesseb m corniecdve tissue that are damaged during 
arthroscopy of joints, including shoulder, elbow, wrist, hip. knee, and ankle joints fai a fluid filled 

medium. 
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A more specific object of this invention is to provide a probe that coagulates bleedeis in 
arthroscopic surgery effectively and efTiciently while minimizing tissue necrosis surrounding the 
bleeders. 

Another object of this invention is to provide an alternative method and apparatus to control 
5 bleeders in arthroscopy of elbow, wrist, knee, and ankle joints when surgeons elect not to use tourniquets. 

A further object of this invention is to provide a method and apparatus that provides sufficiently 
effective hemostasis of bleeders in arthroscopy that may enable a surgeon at least in some circumstances 
to elect not to use post surgery drain. 

A still further object of this invention is to provide a coagulation probe that can be used in a 
10 variety of joints and in a variety of positions in arthroscopy procedures. 

Yet another object of the present invention is to provide an electrosurgical probe for coagulating 
blood vessels that is reusable and disposable. 

Additional objects, advantages, and novel features of the invention are set forth in part in the 
description that follows, and in part will become apparent to those skilled in the art upon examination of 
IS the following description or may be learned by the practice of the invention. The objects and the 
advantages may be realized and attained by means of the instrumentalities and in combinations 
particularly pointed out in the appended claims. 

To achieve the foregoing and other objects and in accordance with the purposes of the present 
invention, as embodied and broadly described herein, the bipolar coagulation apparatus of this invention 
20 may comprise an elongated co-axial probe including an elongated inner electrode surrounded by an 

elongated outer electrode with a layer of electrical insulation positioned between die inner electrode and 
the outer electrode. A sleeve of electrical insulative material surrounds the outer electrode for most, but 
not all of the length of the outer electrode. Distal ends of both the inner electrode and the outer electrode 
are not covered with electrical insulative material. 
25 To achieve the foregoing and other objects and in accordance with the purposes of the present 

invention, as embodied and broadly described herein, the method of this invention may comprise 
positioning a peripheral surfiice of a first electrode into a saline fluid, preferably a normal saline fluid, 
and in contact with connective tissue, positioning a second electrode in the saline fluid adjacent the 
bleeder but a spaced distance outwardly from the connective tissue, and applying an RF electric current 
30 through the flrst electrode and the second electrode while applying a voltage across the first electrode and 
the second electrode. 
Brief DcarriptioB of the Drflwinys 

The accompanying drawings, which are incorporated in and form a part of tiie speciflcations, 
illustrate the preferred embodiments of the present invention, and together with the descriptions serve to 
35 explain the principles of the invention. 
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Tn the nr^^jt^^;^« 

Figure I is a perspective view showing the bipolar probe device of the present invention in 
poshion to coagulate aitdstopaflowofbloodfrotnadamagedblo^^ 
procedure in the subacromial space of a shouldet; 

Figure 2 is an enlarged isometric view of the disUl end of the bipolar coagulation probe of this 
invention positioned adjacent a bleeding blood vessel or "bleeder" in a section of connective tissue that is 
undeigoing anhioscopy. a portion of which tissue is illustrated in cross-section to show the damaged and 
bleeding blood vessel more clearly, and illustrating curitnt flow through the adjacent Ussue. Wood, and 
immersing sterile fluid; 

Figure 3 is an isometric view suniiar to Figure 2, but illusttatmg a coagubted blood vessel and 
the resulting current flow through the sterile fluid after coagulation is accomplished; 

Figure 4 is an enlarged view in cross-section of the bipolar probe of the present invention being 
used to coagulate a bleeder in comiective tissue with model electrical parallel circuit superimposed to 
ilhistrate the operation of the probe according to this invention during coagulation: and 

Figure 3 is an enlarged view in eross^seetion simifairto Figure $, but illustiating the self-limiting 
feature of this invention after coagulatkm has been aceomplished.^.. 

Figure 6 is an enlarged cross-sectionai view of the distal end of the probe in an orientation that is 
closer to normal to the tissue as it is sometimes to coagulate bleeders, especially smaller bleeders that can 
be accommodated between the distal ends of the inner electrode and the outer electrode; 

Figure 7 is an enlarged cross-sectional view of the probe m an orientation similar to Figure 6. but 
with the bleeder positioned more in contact with the distal end of the mner electrode; 

Figure 8 is a cross-sectional view of the probe 10 oriented at an angle to the tissue surftce; 
Figure 9 is a pcrspectWc view of an ahemate probe configuration of this invention; 
Figure 1 0 is a perspective view of another ahemate probe configuration of this invention. 
25 Bert Mode for Carrvinf n«* the Inviin«i«.| 

The bipofav coagulation probe 10 of fte present invention is illustrated in Figure I in a typical 
application of coaguhiting and stemmmg the flow of blood 26' from a damaged and bleeding blood vessel 
during arthroscopic surgery in the subacnmiial space 56 of a shoulder, ahhougb it can also be used in 
much the same way in die intra articular spaces in shoulders and.knees as well as in elbows, wrists, hips, 
and ankles. An enlarged view of the distal portion of the bipolar coagulation probe 1 0 of the present 
invention is shown in Figure 2 positioned adjacent a damaged and bleeding blood vessel 1 2 at U»e 
exposed surface 14 of a layer of connective tissue 16. such as. for example but mm for lonhaiioa. the 
subacromial space 56 in the shoulder, tht damaged blood vessel 12 may be any oneof mai»- Mood 
vessels 12' in the connective tissue « 6 and, for purposes of illustration and explamrtlon of this invention, 
has been cut or ruptured by a rotary shaver (not shown) or other tool used by an orthopedic sui^eon to 
ablate (rerawe) chondromalacia (damaged, worn, or diseased cartilage) or to remove connective tissue 
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during aithroscopy. The probe is shown immersed in a sterile fluid 28, which is injected into and flows 
through the subacromial space 56 during arthroscopy to expand the suirounding tissue (not shown in 
Figure 2) and clear debris (not shown) created by the surgical procedure and to keep the surgeon's field of 
vision into the space clear. The sterile fluid 28 is preferably a normal saline, ringer lactate, or other fluid 

5 used in arthroscopic surgery. The blood 26 is shown in Figure 2 flowing out of the damaged or severed 
end or "bleeding area" 15 of the blood vessel 12 into the sterile fluid 28, where it forms a plume of blood 
26' diluted b>* the sterile fluid 28. 

In operation, the exposed peripheral surface 22 of the outer electrode 20 at the distal end of the 
probe 10 is positioned in contact with the exposed surface 14 of the connective tissue 16 adjacent the 

10 damaged blood vessel or ''bleeder*' 12. The RF electric power source indicated diagrammatical ly at 36 is 
turned on causing RF current to flow, as indicated by arrow 24, through the portion of the connective 
tissue 16 that is in contact with the outer electrode 20 and, as indicated by arrow 32, through the blood 26 
that is in the damaged end of the blood vessel 12 and that is escaping from the damaged blood vessel 12 
into the sterile fluid 28 and to the inner electrode 30. Actually, the current is an RF (radio frequency) 

15 alternating current, so it flows in both directions, but the anrows 24, 32, while not strictly technically 

accurate, do depict in a simplified diagrammatic numner the current path through the connective tissue 16 
and blood 26 between the outer electrode 20 and the inner electrode 30 in a sufTicient manner to describe 
the invention, as will be understood by persons skilled in the art The electric current flowing through the 
blood 26, as indicated by arrow 32^ heats Ae blood 26 to a sufficient extent to cause coagulation to stop 

20 the bleeding from the damaged blood vessel 12,^ will be explained in more detail below. 

An important feature of this invention is the biophysics»ie.r self-selectivity, of the current path 
24, 32 initially between the outer electrode 20 and the inner electrode 30, as described above, and then 
self-limiting the current flowing in the connective tissue 16 and diverting to an alternate path to flow 
predominately directly from the outer electrode 20 through the sterile fluid28 to the inner electrode 30. 

25 as will also be described in more detail below. 

The overall structure of the probe 10 is smiilar to the structure described in U.S. Patent 
5,089,002, which is Incorporated herein by reference, but with several signiflcant differences that are 
esq^lained below. Similar to that structure, the probe 10 of this invention preferably has a coaxial bipolar 
arrangement with the elongated outer electrode 20 positioned preferably concentrically around the 

30 elongated inner electrode 30 and with an elongated concenUric electrical inner insulation layer 40 

positioned between the outer electrode 20 and the mner electrode 30. Portions of the outer electrode 20 
and the inner insulation layer 40 adjacent their respective distal ends 2 U 41 are shown cut away in Figure 
3 to reveal this structure more clearly. The proximal end 45 of outer housing 44 terminates in a plug 46 
with two prongs 48, 49, as shown in Figure I, that are electrically connected (not shown) in the housing 

35 44 to the outer electrode 20 and mner electrode 30, respectively. The fHongs 48, 49 of the plug 46 are 
adapted to plug into a suitable receptacle indicated only by phantom lines 50 in Figure I, \\h\cK as will 
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be understood by persons skilled in the art, could be a conventional connection to an RF generator 36, 
which is denoted only schematically in Figures 2-5. Unlike the structure in U.S. Patent 5,089,002, 
however, the probe 10 of this invention has an elcnigated outer electrical insulation sleeve 42 
concentrically around the outer electrode 20, as shown in Figures 1-5. 

The distal ends 21. 41. 31 of the outer electrode 20, inner insulation layer 40, and inner electrode 
30, respectively, of the probe 10 of the present invention extend longitudinally a distance beyond the 
distal end 43 of the outer insulation sleeve 42 to leave a length of exposed peripheral surface 22 of the 
outer electrode 20, as best seen in Figures 2-5. This lengtfi of exposed peripheral surface 22 of outer 
electrode 20 provides the ability to make a substantial sized electrical contact between the connective 
tissue 16 and the outer electrode 20 adjacent a bleeder 12 while maintainiog the inner electrode 30 spaced 
a small distance away from the connective tissue 16 so that the electric current path to the inner electrode 
30 is completed by the sterile fluid 28 and/or the Howing blood 26, as described above. Such electrical 
contact is preferably, but not necessarily, made with this structure by placing the exposed peripheral 
surface 22 substantially tangential to, and in contact witfi, the exposed surface 14 of the connective tissue 
15 16, as illustrated in Figures US, Also, while not essential, it is preferable to terminate the distal ends 21. 
31, 4 r of the outer electrode 20, inner electrode.30,.and innerJnsulationrlayer 40. lespe 
substantially in a common plane perpendicular to the longitudinal axis 38 of the probe 10, as illustrated in 
Figures 2-5, although the inner electrode 30 could jwotnide longitudinally slightly beyond the outer 
electrode 20. With this configuration, there is no rotationally preferred orientation of the probe 10 with 
20 respect to the connective tissue 1 6 or with respect to the bleeder 12. It is also preferred, although not 
essential, that the outer electrode 20 and Inner electrode 30 be ma^ of a malleable metal or alloy, for 
example aluminum, which can be easily formed or bent into any desired shape or configuration to enable 
ready access and optimum positioning of the probe tip 10 in places tiiat are tight or difTicult to reach, as 
illustrated in Figure I . The inner insulation layer 40 and outer insulation sleeve 42 can be any of a 
25 variety of high temperature, flexible plastics, such as. for example, poly vinylidenc flouride (PVDF), 
silicone rubber, telrafluorethy Icnc (Teflon~). poly ether etiier ketone (PEEK), or perfluoralkoxy (PF A), 
as is understood by persons skilled in the art For example, as illustrated in Figure 1, the probe lOofthis 
invention is particularly suited for use in coagulating bleeders encountered during arthroscopy in the 
intra-articular and sub-acromial spaces in shoulder joints and in the intra-anicular spaces in knee joints. 
30 altiiough it can also be used in similar applications to coagulate bleeders in shoulders, elbovrs. wrists, 
hips, knees, and ankles. As shown in Figure 1. Uie malleable probe 10, as described above, is curved at 
52 and 53 to enhance access and optimal positioning in die subacromial space 56 in die shoulder. Again, 
tfie probe 1 0 being malleable, as described above, enables the surgeon to shape and reshape die probe 1 0 
readily and easily to any desired configuration. 
35 Referring now to Figures 2 and 3, die sterile fluid solution 28 is piefeiably a normal saline fluid, 

so it will conduct electric current. It is preferred, ahbough not essential, that the blood 26 has an 
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electrolyte density about the same as, or even slightly higher than, the normal saline fluid 28 so that the 
blood is as conductive as, and possibly slightly more conductive than» the normal saline fluid 28. The 
blood 26 is also usually more conductive than the surrounding connective tissue 16. Since the electric 
current will find paths of least resistance to flow between the outer electrode 20 and the inner electrode 

S 30, and since the outer electrode 20 and inner electrode 30 are both positioned adjacent the bleeder 1 2. a 
substantia! ponion of the electric current will flow initially through the bleeding area 15. That current 
path through the bleeding area 1 5 requires at least some of the current to flow through the small portion 
of connective tissue 16 that is between the outer electrode 24 and blood vessel 12, as indicated by arrow 
24. Power is the product of the square of the cuxrent I times the resistance R, /.e., so that power is 

10 dissipated in the blood 26 at and near the bleeding area 1 5, where the current is most concentrated and in 
the small ponion of the surrounding connective tissue 16 between the outer electrode 24 and the btood 
vessel 12. Power dissipates in the form of heat. Consequently, heat is created by the RF current in the 
blood 26 sufftcient to coagulate the blood 26 in blood vessel 12, contract the wall 15 of the blood vessel 
at the bleed point 13, and denature a small amount of connective tissue 62 surrounding the blood vessel 

15 12 adjacent the bleeding area 1 5, all as illustrated in Figure 3. Such coagulation 60 and necrosis of tissue 
62 stops the flow of blood 26 from the blood vessel 12. 

When coagulation 60 occurs, the blood cells are converted into a dry, dull, fairly homogenous 
eosinophilic mass that no longer conducts electricity as well as did the liquid blood 26. The small 
portion of denatured connective tissue 35 is also a dried mass of necrosed cells that also does not conduct 

20 electricity as well as did the healthy connective tissue cells. Therefore, the previously described current 
path 24 in Figure 2 through the connective tissue 16 becomes one of increased resistance. Consequently 
die dominate current path changes to flow directly through the sterile fluid 28 between the outer electrode 
20 and the inner electrode 30, as indicated diagrammatically by arrows 36 in Figure 3. Thei^fore, the 
previous current flow 24 through connective tissue . 1 6 is self-limiting to coincide with coagulation 34 of 

25 the blood 26 at the bleeding area 1 5, which avoids unnecessary heating and tissue necrosis in the 

connective tissue 16 or damage to other blood vessels 12' in the proximity, but which are not bleeding, 
even if the probe 1 0 is held in die same position with the RF electric power turned on after coagulation 
60 occurs. 

This bipolar coagulation probe 10 and its biophysical operation can be modeled and described as 
30 two parallel electric circuits 70, 80, as illustrated diagrammatically in Figure 4. The first parallel circuit 
70 extends generally from the portion of the peripheral surface 22 of outer conductor 20 that is in contact 
with the connective tissue 16 (t) through the small portion of connective tissue 16 that is between the 
peripheral surface 22 and the damaged blood vessel 12, represented electrically by the resistor R|, (ii) 
through the blood 26 at and near the bleed area 15, represented electrically by the resistor and (iii) 
35 dirough the poition of the sterile fluid 28 that is between the diluted blood 26' and the distal end 3 1 of die 
center electrode 30, represented electrically by the resistor R,. The second parallel circuit 80 extends 
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genmlly , he portion of d« peripheral surface 22 that is in co„«ct with 
|hn«gh the sterile fluid 28. rep^sentcd electrically by resistor 

«mco.«actwhl.thedi«aIend31 of the center elec.nxle30.«pr«entedby^ 
a«panaielcin.i.s 70. 80de«:ribed above p„,video„ly.simplifiede.ec.r^^ 
■«»«yvari«io«^because.heelec.*c„,™.,8„,hlsfl^^^ 

vana..o„s. depending on n,«.y variables, including. b« «>t limited to. relative comtactivities of Ussue 

P|^ 0 blood vessen2.plu.eof diluted b.ood26^and the like. Forex^^^^ 

blood26 .scloseeno«ghU,thepn,be 10. a™..her,esis,or(„ot shown) could be included in thesecond 

P«llelc«»it80to«p,ese«cu«„tflowinthesecondclrc„i,80throughd.^ Onthe 

oU^rhand. if the probe 10w«ddbeposi,i«»d In theflowingsterile fluid 28dow„stn»^ 

area 15S0 that the pl»„e of diluted blood 26'^overthedisaa end of theprobelO. then the .tsis.^ 

R, may not be significant Howevcr.s„chresista«« in each circuit 70. 80 are additive within^ 

respective cin^its 78. 80. so the schematic electrical model shown in Figure 4, while relatively simple, is 

adequateforpurposesofdescribingthe operation ^.dsignifKamfeatures of this inve^^ 
include such variations. 

As discussed above. asigmlic«rt advantage of the bipolar probe 10 of the pre^^ 
that .t functions very well in arthroscopy, which previously known bipolar pro^ 
and the re«.lting volume of necrosis is significantly smaller than would be possible with a monopolar 
probe37. Now referring ,oFigun^4.,tbebipolar,p,obe-10 is positionedadjacent the bl^^^ I2p,eferably 
with a portion of the exposed periphenj suHbce 22 of outer-electrode 20 in contact wid, a sufficient 
«« of connecth« tissue 16S0 that electric cun«, flows a, l^llcated by the ar„>^ 
above, but with tiK. distal e«d3Iofd« inner electrodeprefcrablySOsp*^ 
tissue 16and bleed area 15. It is preferred that the^trgeoop^sstheexposedsurla^^ 
elec.rode20 into the tissue 16eno«ghu.getala,geem.ugh contact areabetween the m^ 
the ussneietokeepthecurrent density in the comactarealowenough to keep .he temperatureofthe 
tissue 16«.hecom«n«e.u«derl00^.sohdoes«. vaporize. Yet. d.eexposed surface 22 is n« 
largeti^U^cunentdensityislnsufiicienttoheatihetissueaboveSO^wberetis^ 
acvity. such as desiccation and blood coagulation begins. IniUally. therefore, a subs«m,iaj «„o«n. of 
electnc current flows th«,ugh the tissue 1 6 represented by R.. the blood 12 in bleed are. 1 5 represented 
by R. and the sterile fluid 28 represented by R,mthe firs, parallel cinniit 70. At the same time, there 
w,U most Idcely be at least some electric current flowingi„d.e sterile fluid 28. as indicated by arrx^v 36 
and represented by resistors R,«rfR, In ,he second panUlel circuit 80. I. is believed, based on 
observation ofthe bipolar probe "0 in ope,«io„,cco«Ung to this invemion. d»t the blood 12«kI 

possibly also the tissue 16 is less resistive ,0 flow of electric cunentth*. the sterile fluid 28 so tha, the 
combmation of R. and R, is lessdian R,. or a, leas. no. substantially greater than R.. Wore, it is 
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believed that at least as much and possibly more of the electric cinrent flowing between the other 
electrode 20 and the inner electrode 30 Hows in the first parallel circuit 70 of the tissue 16 (R,) and blood 
26 (R2) as compared to the second parallel circuit 80 of the sterile fluid 28 (R4). However, it is not 
necessary that current flows through the tissue 16, blood 26, and sterile fluid 28 for this invention to 

5 work. Regardless of the relative proportions, there is sufficient flow of electric current in the first 

parallel circuit 70 to cause coagulation of the blood 12 and denaturing of the tissue 16 in the area in and 
immediately surrounding the bleeding area 1 5 from the heat produced by that electric current flowing 
through the resistance R, (tissue) and resistance R2 (blood). There is, of course, also heat produced by 
the electric currents flowing in bodi the resistances and K4 (sterile fluid), but the sterile fhiid 28 in 

10 arthroscopic procedures is kept flowing at a fairly high rate through the area where the procedure is being 
performed, so heat produced in the sterile fluid 28 (resistances R, and R4) is carried away and dissipated 
rapidly by the flowing fluid 28 with no appreciable temperature increase at the probe 1 0. 

The result of the heat produced in the blood 12 and the immediately surrounding tissue 16 as 
mentioned above, however, is more significant, as illustrated diagrammatically in Figure 5. As 

15 mentioned above, heat causes blood 26 to coagulate and tissue to denature resulting in necrosis by 
desiccationi driving water out of the blood and tissue cells, thus destroying the vital processes 
including enzymes that would otherwise continue to alter the devitalized cellular substance. Coagulated 
blood cells become a dry, dull, fairly homogenous cosiniphilic mass. Dried and denatured blood vessel 
tissue shrinks and hardens. Other tissues, such as connective tissues^ cartilage, and the like become 

20 dried, hardened masses from theJieat. Consequently, the heat produced, by the electric current flowing 
through the tissues and blood of the first parallel circuit 70 desiccate or dry the cellular structure of the 
adjacent end portion 13 of the bkxxl vessel 12 cannng it to shrink, as illustrated in Figure to at least 
partially close the damaged or severed blood vessel 12. At the same time, the heat produced by the 
current flowing in the bleeding area 15 coagulates the blood 26 in the end portion 13 of the blood vessel 

25 1 2 to form a plug of coagulated blood 60. The combination of the coagulated blood plug 60 with the 
shrunken end portion 13 of the bkxxl vessel 12 effectively stems the flow of blood 26 from the blood 
vessel 12, as illustrated in Figure 5. The heat produced by electric current flowing through tissue 16 
causes a small amount of necrosed tissue 62 around the end 13 of bk>od vessel 12, as also tllusUated in 
Figure 5. 

30 However, the coagulated plug 60 and the necrosed tissue 62, whidi comprise desiccated (dried) 

cell masses, do not conduct electricity nearly as well as the blood 26 and tissue 1 6 did or nearly as well as 
the sterile fluid 28 does. Therefore, as the necrosis 62 and the coagulated plug 60 form, the respective 
resistances R, and R, increase until current flow in the first parallel circuit 70 virtually stops, and 
virtually all of the current flow between the outer conductor 20 and the inner conductor 30 shifts 

35 automatically to the second parallel circuit 80 through the sterile fluid 28, as indicated by arrows 36. 36' 
in Figure S, where resistance R4 remains substantially unchanged. Of course, as current flow through the 



9 



W69S07879 

PCT/IDS97/238S3 

of«.coutere.ec.„,dci„thcnu,geof0.5-.0«..s,idouterelec.„Kleh^^^^ 

not^whhelcc.ricdiosulatla„,«,«,dio™.elec.»^ 

covered with electrical iasulatkm. 

fluid mimerscs exposed suri«» rfthc tiswc, compiiring tf^ 

posftionmgaperiphendsurfkceafaf«telecl,,,de in tte sterile fh.id^ 
ttet.ss«eadjafcc„,d«bleedcrandpositionmgasecondclec.«de«fte^^ 
bleeder but a spaced distance outwanily firm the tissue; and 

•Ppl3*.ganRFcunemil«H.ghsaidfi,stelectrodeandsaidsecondelecB^ 
TOliage aiwoss said first dectiode and said second electrode. 

13. n^methodofclalm 12.««cl»ding the step of pwviding said fi«t.lect«de positioned 
concentrically a«.u„d said second clectnxle with an eleetrleinsula«>rpositi^^ 
electrode and said second electrode. 

U. Themethod of claim 13. including the step, ofp«,vidi„g said firrt electrode in an 
ctengated shape with.distal end of said fimelee.«de.a«lp„^-^^^ 
elongated shapewilhadistai end of said second efedrodesnch^hat^distal end of saidsecond 
electrode extends as least as 6r longitwHnally as said distal end of said first electrode. 

15. Themethodofclain, « 4. incluiling the steps ofproriding said fim electrode with an 
elongMed outer electrical insulation sleeve that cove« most of said first electrode but that leaves a lengd. . 
of exposed peripheral surfiu^ofsaidfimelectrodeadjacemthedistalendof said f5« 

posmoning said length ofexposedperipheBlsurftoofsaldfixstelectrode in 
contact with the connective tissiie adjacait said bleeder. 

16. Themethodofclalm '2. including d» step ofapplying said RFcunentm the nmge of 
about 300-3,000 KHz. 

17. n^e method of claim l«.inch«lmgd» step ofapplymg said RFcunent at about SCO 

KHz. 

• 18. ■n'«««hodofcWml2.i«cl«dingftestepofapplyingsaidRFcur,emandvoltageinthe 
range of about 20-100 watts. 

19. Tl«"«»»odofcldml8.whe«l««udRFe«neMa«dvollagea«appKedmar«H5eof 
about 40-70 watts. 

20. The method of claim 12, wherein said stmie fluid is a saline fluid. 

21. IT* method ofchim 20. wherein said aaline fluid is a nonnal saline fluid. 
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tissue 16 and blood 26 stops» heat production in tissue 16 and blood 26:also stops. Therefore, denaturing 
and coagulating heat in tissue 16 and blood 26 only migrates a small distance into the tissue 16 and blood 
vessel 1 2, as indicated by the boundaiy line 47 in Figure 5» before the current flow shifts away from the 
tissue 16 and blood 26 path of the first parallel circuit 70 almost entirely to the sterile fluid 28 path of the 

5 second parallel circuit 80. Thereafter, no further heat, thus no further necrosis of tissue 1 6 or coagulation 
of blood 26 occurs, regardless of how long the probe 10 remains in diat position with the power turned 
on. This self-limiting feature of this invention, m which the initial denaturing of tissue 1 6 and 
coagulation of blood 26 results in increased resistance and stopping the heat-producing flow of electric 
current through the tissue 16 and blood 26, diverting the electric current flow instead almost entirely to 

10 the second parallel circuit 80 of the sterile fluid, allows fast and efTective stemming of bleeders, but also 
prevents excessive and unnecessarily deep necrosis of tissue 1 6. It also allows enough heat to desiccate 
or dry the tissue cells, but stops the electric current, thus heat production, before cell vaporization occurs. 
For example^ the volume of necrosis for the bipolar probe 1 0 according to this invention may be only 
about three milluneters deep and three millimeters wide. 

15 In an ahemative application, which works especially well for smaller damaged blood vessels or 

bleeders 1 12, as illustrated in Figure 6, the distal ends 21, 3 1 of the respective outer electrode 20 and 
inner electrode 30 are both positioned in contact with the tissue 16, preferably, but not necessarily, with 
. the bleeding area 1 1 5 of the small bleeder 1 12 approximately between the distal end 2 1 of the outer 
electrode 20 and the distal end 3 1 of the inner electrode 30. In this position, current flows between the 

20 outer electrode 20 and the inner electrode 30 in a path represented by arrow 122 through the blood vessel 
1 2 as well as through the rest of the tissue 1 6 that is adjacent the probe 10 as represented by arrow 1 36. 
The current path indicated by arrow 122 between the outer electrode 20 and die inner electrode 30 
through the blood vessel 1 12 will usually have a higher current density than the remaining current path 
1 36 through the tissue 1 6 due to die lesser resistance of the blood 1 26 in the blood vessel 1! 2 as 

25 compared to the resistance of the surrounding tissue 16. This current distribution of paths 122, 136 
through the tissue 16 and blood vessel 1 12 is actually circular and generally corresponding to the 
periphery of the distal end of the probe 10, which does not show well in the cross-section of Figure 6, but 
which will be understood by persons skilled in the art, with the arrow 12 r^resenting current flow 
through the blood vessel 1 1 2 and the tissue 1 6 that is adjacent the distal end of the probe 1 0. 

30 As the blood vessel 112 adjacent the distal end of probe 10 shrinks, the blood 126 coagulates, and 

the tissue 1 6 in path 122 in desiccated and necroses, all due to heat from die current flow in path 1 22, the 
resistances in path 122 increased. These increasing resistances cause a shift in electric current firom path 
122 to path 136, thereby avoiding vaporization of the tissue I6« blood vessel 112. and coagulated blood 
126 in path 122. 

35 This current flow distribution of Figure 6 can also be modeled as two parallel circuits 1 70, 1 80. 

The parallel chcuit 170 comprises in series the resistance R/ through the tissue 16 one side of the bleeder 
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n2. the resistance R/ through the blood 126 anH fW. • 
paths .22, 136 ben«.„ «.edisu.ie«,2, ofouter7j^,r^ 

^"n.of«,e„,jste«:esR,'a«lR,.i„p^te,,j^j,^'^-''"'«^ 

Therefore, i, appean that there is inftiajly . 
'»thepan.llelci«„i,,8o.«,Aa.tbishighercuLr^ 

■treses .issue .6adjace„..hedisule«b2, 3, J^,'^"^'^"'-' '26. nddesicca.es a«, 

onlys.^s,heflowofblood,26f,„..heb.«derl«b«r^'""''^'''^'^^ 

««e»tR.'.npa«Helclreuiti7a.TOsi„creasei . "^'^^^^'^.'.R.'andtoson.e 

*^ increase m resistances R/ R ' d # • . . 

thehea.c.atia„i„«,epad.m,JLj^ 

K ""wwraejianogtasisrfthebleederHZ 
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"ec«sisof.he.issue.6i„„earpa*,3rH ^ ^ 

«i-.6..i.i.ed.«.^rr.iit^:^-^ 

-.ue.oexteodovcrra„hc,i„.«ss.;6!rC^^ 

necn^ed. On *eeo„.^.^e„.,,^^^^^^*ep«>bc .0 bdesic^^^ 

necrose, .iss„etoge.ih.mu.eou.ere.ecuode20,or^^ '^''^^^ 
*e<««nMvi.,„o,o„gerfl„.„sochad^J^,7'^'^'^»'^^ 

.hedesi<.,ed.„d„ec.sed.issue. Jl:^::"^'^'^"^^^ '^-^e...Hi,e 
n«Se.sohoeasu>vapo.^,e.e.-.ca.eda«l„ecJ:''e:.^ 
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«<*"^bec««vap„„z..io„<,o«,o.su>p bleeding eireaively.and 
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carbonation of cells inhibits healing. 

The alternative application of probe 1 0 for heroostasis of a bleeding blood vessel 2 1 2 according 
to the present mvention, as illustrated in Figure 7,"!$ not preferred, but it does work. This application is 
similar to that of Figure 6, except mner electrode 30 is positioned directly on the bleeding blood vessel 

5 212. In this application, the initial current path 222 includes the less resistive blood 226 in blood vessel 
212, reinesented in the model by resistance R,", as well as some of the tissue 16 that is adjacent the 
distal end of the probe 1 10, represented by die resistances R,", R," and R^". Therefore, based on 
observation of the probe 1 10 in operation, initial desiccation and shrinkage of blood vessel 212, 
coagulation of blood 226, and necrosing of tissue 16 adjacent the distal end of probe 10 combine to 

10 achieve heroostasis. Then, because resistances of desiccated, coagulated, and necrosed cells increase, 
current will shift to flow directly through raw tissue 16 between the distal end 21 of outer electrode 20 
and distal end 3 1 of inner electrode 30, as illustrated by arrow 236. Again, as described above for the 
Figure 6 application, depth of desiccation and nemsis of tissue 16 will generally not exceed the diameter 
of the outside electrode 20. 

15 For all of the embodiments illustrated and described above, it is important for the purposes of 

this invention to size and proportion the exposed potions of the outer electrode 20 and inner electrode 30 
such that the probe 10 is truly bipolar. For the purposes of this invention, bipolar means that it is possible 
for both the outer electrode 20 and the inner electrode 30 to be surgically active, even though they might 
not both always be actually surgically active means that sufficient heat is produced in cells at or 

20 immediately adjacent the electrode to alter cells physically,.such as desiccation, coaguhition, necrosis, 
ablation, vqx>rization, carbonization and the like. Therefore, to be truly bipolar for purposes of this 
invention, the probe 10 must be capable of causing such surgical activity in tissue and/or blood cells at or 
immediately adjacent both the outer electrode 20 and the inner electrode 30. 

In dual electrode surgical systems where there is an electric potential between two electrodes and 

25 current passes between the two electrodes, there will tend to be significant heating at or adjacent only one 
of the electrodes when the ratio of the respective electrode surface areas is about ten to one ( 1 0: 1 ) or 
higher. The electrode with the smaller surface area will have prop(»tionately higher current density than 
the electrode witii the larger surface area and will heat to the point that its contaa impedance increases 
dramatically. Therefore, when the ratio of the electrode surface areas of the respective electrodes is 

30 about 1 0: 1 or greater, as mentioned above, it becomes virtually impossible to flow enough current 

through the electrode with the larger surface area at a current density high enough to heat tissue adjacent 
the larger electrode to above about S0°C, which is the temperature at which tissue effects or surgical 
activity begins. At about lOO^'C, cells explode and vaporize, and carbonization occurs at about 200**C. 
Therefore, to be truly bipolar for purposes of this invention^ the surface area of either electrode must be 

35 less than about ten times as large as the surface area of the other electrode to keep the ratio of the 
respective surface areas less than about 10: 1 . 
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three megahertz (3 MHz) and, optimal^, the RF current supply is appnxximately five-hundred kilohertz 
(500 KHz). The power should be m the range of about twenty to one>hundred watts and is preferably in 
the range between forty and seventy watts into a load impedance in the range of about 25-1000 ohms 
preferably about 50-250 ohms, for example, 100 ohms to achieve the desired desiccation and shrinking of 
blood vessels, coagulation of blood, and necrosis of tissue as described above along widi the self- 
selective current paths and self-lhniting of surgical activity according to this invention. 

The circular cross-section of probe 10 with the outer electrode 20 positioned concentrically 
around the inner electrode 30 has advantages^ such as being equally effective regardless of the lotattonal 
position of the probe about its kmgitudmal axis 38 in relation to the tissue 16, as mentioned above. This 
configuration also accommodates variations in angles of the longitudinal axis 38 with the surface of the 
tissue 16 very easily. For example, the probe 10 is shown in Figure 8 with its longitudinal axis 38 at 
about a 45o angle 98 with the surface of the tissue 1 6 adjacent the bleeder 1 2 and with the distal ends 2 1 , 
3 1 of the outer electrode 20 and the inner electrode 30 pushed into the tissue 16 enough to deform the 
tissue 1 6 at the sur&ce where the bleeder is injured, in this orientation and variations of diis orientation, 
part, but not all, of the distal end 2 1 of outer electrode 20 can be placed m contact with tissue 1 6, 
depending on how much elecbic contact area, thus currrat density, the surgeon wants or needs to 
coagulate the bleeder 12 and necrose just enough tissue 16 around the damaged bleeder 12, as indicated 
by phamom lines 47 to stem the bleeding. The larger the angle 98 and/or the more the surgeon pushes 
the probe 10 into the tissue 16, the more of the surfece area of the distal end 21 of outer electrode 20 will 
contact tissue 16; Of course, if the angle 98 is small enough to leave the inner electrode immersed in 
fhiid 28 but not in contact with tissue 16, then the embodiment shown in Figures 2-5 prevails and 
operates as described above. 

The cross-section of the probe does not have to be circular, however. For example, an alterrute 
probe 300 with a square cross-section of concentric inner elecU-ode 330, inner insulation 340, outer 
electrode 320, and outer insulation 342, as shown in Figure 9 can be used according to this invention. 
Odier cross-sectional configurations, such as oval polygonal, or other shapes can also be used. It is also 
not necessary for the electrodes to be concentric For example, the probe 400 shown in Figure 10 has an 
inner electrode 430 sandwiched between two outer electrodes 420, 420' with respective inner insulation 
layers 440, 440' intervening. The two outer elecUxxles 420, 420' can be, but are not necessarily at the 
same electrical potential as each other. The outer insulation 442 surrounds all of the electtodes. Many 
other variations of the invention are also possible to provide the bipolar surgical activity within the 
surfsce area ratios and exposed outer electrode parameters described above. 

The foregoing description is ccmsidered as illustrative only of the principles of the invention. 
Furthermore, since numerous modifications and changes will readily occur to those skilled in the art, it is 
not desired to limit the invention to the exact construction and process shown and described above. For 
example, disposable and reusable versions of the probe 10 can be made according to the principles of the 
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Claims 

The embodiments of die invention in which an exchisive propeity or privilege is claimed are 
defined as follows: 

1 . Bipolar probe q>paiatus for coagulating blood flow during arthroscopy, comprising: 
an elongated co-axtal probe having an elongated inner electrode suirounded by an 

elongated outer electrode with electrical insulation positioned between the inner electrode and 
outer electrode, said probe also having an outer electrical insulation sleeve surrounding the outer 
electrode for most, but not all, of the length of said outer electrode such that said outer electrode 
extends longitudinally beyond said outer electrical insulation sleeve to leave a length of exposed 
peripheral sur&ce of the outer electrode in the range of at least 0.S mm, said outer electrode 
having a distal end that is not covered with electrical insulation and said inner electrode also 
having a distal end that is not covered with electrical insulation. 

2. The bipohir probe apparatus of claim 1 , wberem said distal end of said inner electrode 
lays in a common plane with the distal end of the outer electrode. 

3. The bipolar probe apparatus of chiim 2, wherein said elongated co-axial probe has a 
longitndina] axis and said plane is perpendicular to said longitudinal axis. 

4. The bipolar probe ^paratus of claim 1 , wherein die distal end of the iimer electrode 
protrudes longitudinally beyond said distal end of said outer electrode. 

5. The bipolar probe apparatus of claim 1 , wherein said outer elecu^e and said inner 
electrode both comprise a malleable.metal or alloy. that is an electrical conductor. 

6. The bipolar probe ^^laratus of claim 5, wherein said outer electrode and said inner 
electrode both comprise aluminum. 

7. The bipolar probe apparatus of claim I , wherein said inner electrode has a circular cross- 
section. 

S. The bipolar probe apparatus of claim I, wherein said outer electrode has a circular ring 
cross-section. 

9. The bipolar probe apparatus of claim t, wherein said outer electrode has a polygonal ring 
cross-section. 

10. The bipolar probe apparatus of claim 1 , wherein said length of exposed peripheral 
surface of the outer electrode is in the range of O.S - 1 0 mm. 

1 1 . Bipolar probe apparatus for coagulating blood flow during arthroscopy, comprising: 
an elongated co-axial probe having an elongated inner electrode and an elongated outer 

electrode with electrical insulation positioned between the iimer electrode and outer electrode, 
said probe also havmg an omer electrical insolation sleeve surrounding the outer electrode for 
most, but not alt, of the length of said outer electrode such that said outer electrode extends 
longitudinally beyond said outer electrical insulation sleeve to leave a length of exposed surface 
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